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NON-INVASIVE HEART MONITORING
APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to an apparatus for nonin-
vasively monitoring changes 1n the heart contractions of the
heart by use of electrocardiogram information and pulse
wave 1nformation.

2. Related Art

The non-invasive monitoring apparatus uses mainly the
information of electrocardiograms, arterial oxygen
saturation, blood pressure measured by the oscillometric
blood-pressure measuring apparatus and the like as param-
eters representative of dynamic states of a patient. Of those
parameters, electrocardiogram information, arterial oxygen
saturation and the like may continuously be measured. In
particular the electrocardiogram information 1s used as a
parameter sensitively representing a change of a dynamic
state of the patient.

Thus, the electrocardiogram information has been used as
the continuously monitoring parameter. An arrhythmia of
the patient 1s monitored by use of the waveforms and heart
rates on the electrocardiogram. The monitoring based on
only the electrocardiogram has the following problems.

The patient monitoring apparatus can monitor an
abnormality, e.g., arrhythmia, of the excitation conducting
system, but cannot monitor, for example, a pulse deficit,
which arises from an abnormality of the heart contraction. In
the case of the pulse deficit, the heart cannot supply sufli-
cient amounts of blood to the peripheries of the internal
organs, to possibly cause serious diseases. For this reason, it
1s necessary to monitor the occurrence of the pulse deficit in
a continuous manner. Here, the term “pulse deficit” includes
two states, a first state 1n which the heart propels little
amount of blood and a second state 1n which the ventricle 1s
insufficiently filled with blood and the heart contraction is
unsatisfactory.

Where only the electrocardiogram information for the
parameter continuously and non-invasively obtained 1s used,
there 1s a limit 1n monitoring changes 1n the heart contrac-
fions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the conceptual
arrangement of a patient monitoring apparatus constructed
according to the present 1invention;

FIG. 2 1s a block diagram showing a hardware arrange-
ment of the patient monitoring apparatus of FIG. 1;

FIG. 3 1s a diagram showing the contents of a RAM 33 in
the FIG. 2 arrangement;

FIG. 4 1s a flow chart showing an operation of the patient
monitoring apparatus shown i FIGS. 1 and 2;

FIG. 5§ 1s a waveform diagram showing an electrocardio-
oram and a pulse wave signal, processed by the FIGS. 1 and
2 apparatus; and

FIG. 6 1s a flow chart showing the detail of the step S6 in
the FIG. 4 flow chart.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to
monitor changes in the heart contractions non-invasively.

In a first aspect of the present invention, there 1s provided
a patient monitoring apparatus comprising: electrocardio-
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2

gram measuring means for measuring electrocardiograms;
pulse wave measuring means for measuring pulse waves;
pulse wave data detecting means for detecting at least a
pulse wave propagation time by use of electrocardiogram
information measured by the electrocardiogram measuring
means and pulse wave signals measured by the pulse wave
measuring means; and occurrence-frequency detecting
means for obtaining data on a frequency of occurrence of
pulse wave deficits by use of pulse wave data detected by the
pulse wave data detecting means.

In the above-mentioned apparatus, the occurrence-
frequency detecting means obtains data on a frequency of
occurrence of pulse deficits by use of at least the pulse wave
propagation time.

According to the a second aspect of the present invention,
the pulse-wave data detecting means detects the amplitudes

of pulse waves measured by the pulse-wave measuring
means.

In this embodiment the present invention obtains data on
a frequency of occurrence of wave deficits by use of at least
the pulse pulse propagation time and the amplitude of pulse
wave.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the present invention will be
described. The embodiment 1s a patient monitoring appara-
tus for monitoring changes 1n the heart contractions. The
patient monitoring apparatus 1s generally made up of an
clectrocardiogram measuring means 1, a pulse wave mea-
suring means 2 for measuring a pulse wave, a pulse wave
data detecting means 3 for detecting at least a pulse wave
propagation time by use of a cardiographic waveform mea-
sured by the electrocardiogram measuring means 1 and a
pulse wave measured by the pulse wave measuring means 2,
and an occurrence-frequency detecting means 4 for obtain-
ing data on a frequency of occurrence of pulse deficits on the
basis of the pulse wave data detected by the pulse wave data
detecting means 3.

An arrangement of the patient monitoring apparatus 1s
shown 1n detail 1n FIG. 2. The electrocardiogram measuring
means 1 includes an electrocardiogram electrode 11 to be
put on the chest of a patient, an amplifier 12 for amplitying
a cardiogram signal derived from the electrocardiogram
clectrode 11, and an A/D converter 13 for converting the
amplified cardiogram signal 1nto a digital signal. The pulse-
wave measuring means 2 includes a photoelectric pulse
wave sensor 21 put on the finger tip of the patient, an
amplifier 22 for amplifying a pulse wave signal derived from
the photoelectric pulse wave sensor 21, and an A/D con-
verter 23 for the amplified pulse wave signal into a digital

signal. The output signals of the A/D converter 13 and the
A/D converter 23 are mput to a CPU 30.

The CPU 30 1s connected to a display device 31, a ROM
32 and a RAM 33. The CPU 30 receives a cardiogram signal
from the electrocardiogram measuring means 1 and a pulse
wave signal from the pulse wave measuring means 2,
processes those signals 1n predetermined rules, and displays
the result of the processing on the display device 31. The
ROM 32 stores programs for the process carried out by the
CPU 30, and data used for the processing. The RAM 33 1s
used such that when the CPU 30 executes the process, the
CPU writes necessary data into the RAM 33 and reads out
necessary data therefrom. The contents of the RAM 33 are
in part shown 1n FIG. 3. As shown, the RAM 1ncludes a ring
buffer containing a group of pulse-amplitude storing regis-
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ters A1 and a group of pulse wave propagation time storing
registers T1 and 1ts ring buffer full flag F1. Here, 1=0, 1, 2,

.. . N-1 (N: number of addresses of the ring buffer).

The operation of the patient monitoring apparatus will be
described with reference to a flow chart shown 1n FIG. 4. To
start a measurement, the CPU 30 mitializes the registers, flag
and the like (step S1); waits till an R wave appears in the
electrocardiogram signal (ECG) output from the electrocar-
diogram measuring means 1 (step S2); when an R wave
appears, 1t measures an amplitude of a pulse wave corre-
sponding to an R wave of the previous complete beat in the
ECG and stores the result of the measurement into the
pulse-amplitude storing register Ai (step S3); measures a
fime 1nterval from R wave of previous ECG to the occur-
rence of the pulse wave corresponding to the R wave of the
previous complete beat 1in the ECG; and stores the result of
the measurement mto the pulse wave propagation time
storing register T1 (S4). An example of the measurement
when 1=1 1s shown 1n FIG. 5.

The CPU 30 judges whether or not the contents of the ring,
buffer full flag F1 is 1 (1=buffer full) (step S§), and if it is
1, it measures a ratio of the heart rate and the heart rate
exclusive of the heart beats of wave deficits (step S6).

The details of the step S6 will be described with reference
to FIG. 6. The CPU 30 first obtains the medium value Amed
of the data A1 stored in all the pulse-amplitude storing
registers Al, and removes the data Ai of heart beats, which
satisfies Ai<Amedxr (step S61). Here, r 1s: O<r<1. This value
1s a preset value for removing the heart beats of small
amplitudes. Then, the CPU 30 removes the data correspond-
ing to the heart beats that was removed in the step S61, from
the data 11 stored 1n all the pulse wave propagation time
storing registers 11, and obtains a medium value Tmed of the
remaining data (step S62). The CPU 30 removes the data Ti
satisfying Ti>Tmed+AT (step S63). The heart beats corre-
sponding to the data removed 1n the steps S61 and S62 are
the heart beats of wave deficits. The CPU 30 obtains the
number Nr of data left after the step S63 is processed (step
S64). Subsequently, the CPU 30 computes a ratio Nr/N
(where N : heart rate, and Nr : heart rate exclusive of the
heart beats of the wave deficits), and displays the result of
the computation on the screen of the display device 31 (step

S65).

The heart beats whose amplitudes are small are removed
in the step S61. The reason for this follows. In some of the
wave deficits, the heart 1s little contracted, and therefore,
some of the heart beats have extremely small amplitudes. In
other words, the heat beats whose amplitudes are extremely
small may be considered to be those of the pulse deficits.

The reason why the heart beats whose pulse wave propa-
gation time 1s long 1s removed 1n the step S63 follows. In
some of the pulse deficits, the heart contracts, but an
insufficient amount of blood 1s fed to the ventricle. In such
a case, the blood filling of the ventricle 1s msufficient, and
therefore a preload on the heart 1s small, so that a contraction
force of the heart does not increase as taught by Frank-
Starling’s theorem. Therefore, the pre-ejection period 1is
long, and consequently the pulse wave propagation time 1s
also long.

Further, same effect could be enjoyed by reversing the

arrangement of Steps 61 and 63. Namely, in stead of steps
61 to steps 63, The CPU 30 obtains the medium value Tmed

of data 11 stored in all the pulse wave propagation time

storing registers Ti1, and removes the data satisfying
Ti>Tmed+AT'. Next, the CPU removes the data correspond-
ing to the heart beats that was removed 1n step S61', from the
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data A1 stored 1n all the pulse-amplitude storing registers Ai,
and obtains a medium value Amed of the remaining data.
Next, 1t 1s applicable for removing data A1 satisfying
A1>Amedxr' from remaining dataAi after proceeding step
S62'. After these steps, the process 1s the same as described
before.

A case where a wave deficit occurs at the heart beat bl 1s
illustrated 1 FIG. 5. In this case, the amplitude Al of the
pulse wave is: Al<Amedxr (or the pulse wave propagation
time Ti is: Ti<Tmed+AT), and the data of that beat is

removed.

Following the step S6, the CPU 30 resets the ring buffer
full flag F1 to “0” (step S7) (FIG. 4), and then advances to
the next step SB. In this step, the CPU 30 checks if 1=N-1
(i: contents of a pointer to point to the address of the ring

buffer).

If not 1=N-1, the CPU 30 adds 1 to the pointer contents

(step S9), and returns to the step S2. If i=N-1, the CPU 30
resets the pointer contents 1 to 0 (step S10), sets the contents

of the ring buffer full flag F1 to 1 (step S11), and returns to
the step S2.

The processings of the steps S1 to S4 and S8 to S10 1n
F1G.4, carried by the CPU 30, correspond to the pulse wave
data detecting means 3 in FIG. 1; and the processings of the

steps S5 to S7, and S11 (FIG. 4) correspond to the
occurrence-frequency detecting means 4 (FIG. 1).

In the present embodiment, r=0.1, and AT=30 msec.
Further, the ratio of Nr/N 1s displayed in the embodiment. In
an alternative, this ratio 1s compared with a preset value
(=50% 1 this embodiment), and if it exceeds the preset
value, 1t 1s judged that the heart contraction 1s abnormal, and
produces an alarm sound.

In the embodiment, the ratio of Nr/N 1s obtained every
time all the data about the pulse waves of an N number of
heart beats are rewritten (FIG. 4). If necessary, the step S7
in the FIG. 4 flow chart may be omitted. In this case, after
the ring buifers are full, the ratio of Nr/N 1s obtained every
time the data of one heart beat. The monitoring of the heart
conftractions 1s more exact.

In the description thus far made, the pulse deficit 1s
detected and then the heart contractions are monitored on the
basis of the detection result. However, the apparatus, of this
invention like the normal monitoring apparatus, 1s capable
of displaying electrocardiograms and pulse wave signals by
use of the display device 31. A no-invasive blood pressure
measuring device may be attached to the patient monitoring
apparatus of the mvention. When a heart contraction 1s
abnormal, the blood pressure monitoring device 1s operated
to quickly check a blood pressure at that time.

As described above, to detect the pulse deficit, both the
amplitude of pulse wave and the pulse wave propagation
time are used. Therefore, the pulse deficit detection 1s more
exact.

In the embodiment mentioned above, the amplitude of
pulse wave 1s compared with a preset value, and the pulse
wave propagation time 1s also compared with a preset value.
A pulse deficit 1s detected on the basis of the comparisons
the amplitude of pulse wave and pulse wave propagation
time with the preset values, respectively, and the calculation
of a ratio of the heart rate and the heart rate exclusive of the
heart beats of pulse deficits 1s executed. If necessary, the
heart rate may be compared with the pulse wave propagation
fime 1n their variances. If a variance ratio of them exceeds
a predetermined value, it 1s judged that the heart contraction
1s abnormal.

According to the present invention, the patient monitoring
apparatus 1s constructed 1ncorporating the same thereinto to
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monitor changes in the heart contractions 1n a non-invasive
manner. To detect changes 1n the heart conftractions, the
clectrocardiograms and pulse signals, usually used for
patient monitoring, are used. Theretfore, there 1s no need of
using specially designed detecting means. This leads to
construction simplification of the apparatus.

According to the present invention, the amplitudes of
pulse waves are additionally used for detecting changes in
the heart contractions. An exact detection 1s secured.

What 1s claimed 1s:

1. An apparatus for non-invasive heart monitoring com-
prising:

clectrocardiogram measuring means for measuring elec-
trocardiograms;

pulse wave measuring means for measuring pulse waves;

pulse wave data detecting means for detecting at least a
pulse wave propagation time by use of electrocardio-
ogram 1nformation measured by said electrocardiogram
measuring means and pulse wave signals measured by
said pulse wave measuring means; and

occurrence-frequency detecting means for determining a
frequency of occurrence of a pulse deficit of a heart by
use of pulse wave data detected by said pulse wave data
detecting means.

2. The apparatus for non-invasive heart monitoring
according to claim 1, wherein said pulse wave data detecting
means also detects amplitudes of pulse waves measured by
said pulse wave measuring means.

3. The apparatus for non-invasive heart monitoring
according to claim 2, wherein said occurrence-frequency
detecting means determines the frequency of occurrence of
said pulse deficit by selecting pulse wave data having pulse
wave propagation time greater than a predetermined period
and pulse wave data having said amplitudes of pulse waves
within a predetermined amplitude range.

4. The apparatus for non-invasive heart monitoring
according to claim 1, wherein said occurrence-frequency
detecting means determines said frequency of occurrence of
said pulse deficit by selecting data from said pulse wave data
having said pulse wave propagation time greater than a
predetermined period.

5. A method for non-invasive heart monitoring, compris-
ing the steps of:

measuring electrocardiograms of a patient;
measuring pulse waves of said patient;

detecting at least a pulse wave propagation time by use of
measured electrocardiogram and pulse wave signals;

detecting amplitudes of pulse waves from the measured
pulse wave signals;

storing the pulse wave propagation time and the ampli-
tudes of measured pulse waves which are synchronized
as a related data;

selecting data from the related data having pulse wave
propagation time greater than a predetermined time
period; and

determining a frequency of occurrence of a pulse deficit

of a heart from the selected data.
6. The method for non-invasive heart monitoring as in

claim §, wherein selecting data further includes:
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narrowing selected data with data having amplitudes
within a predetermined range.
7. A method for non-invasive heart monitoring, compris-
ing the steps of:

measuring electrocardiograms of a patient;
measuring pulse waves of said patient;

detecting at least a pulse wave propagation time from the
measured electrocardiogram and pulse wave signals;

detecting amplitudes of the pulse waves from the mea-
sured pulse wave signals;

storing the pulse wave propagation time and the ampli-
tudes of the measured pulse waves which are synchro-
nized as a related data;

selecting data having amplitudes of the pulse wave within
a predetermined range from the related data; and

determining a frequency of occurrence of a pulse deficit
of a heart from the selected data.
8. The method for non-invasive heart monitoring as in
claim 7, wherein selecting data further includes:

narrowing selected data with data having pulse wave
propagation time greater than a predetermined time
per1od.
9. The method for non-invasive heart monitoring as in
claim 6, further comprising the step of:

calculating an occurrence ratio (N /N) where (N) is a
patient heart rate and (N,) 1s a heart rate exclusive of
heart beats with pulse deficits.

10. The method for non-invasive heart monitoring as in

claim 8, further comprising the step of:

calculating an occurrence ratio (N /N) where (N) is a
patient heart rate and (N,) 1s a heart rate exclusive of
heart beats with pulse deficits.

11. An apparatus for non-invasive heart monitoring com-

prising;

an electrocardiogram for measuring a patient electrocar-
diogram signal;

a pulse wave measuring means for measuring a patient
pulse wave signal;

a computer means receiving the measured signals from
said electrocardiogram and said pulse wave measuring
means, said computer means calculating and storing a
pulse wave propagation time data and a pulse wave
amplitude data, said computer means determining a
frequency of occurrence of a pulse deficit of a heart by
selecting said pulse wave propagation time data and
said pulse wave amplitude data within a predetermined
range ol propagation time and amplitude values.

12. The apparatus for non-invasive heart monitoring as in

claim 11, further comprising:

a display means for continuously displaying said patient
clectrocardiogram signal, said patient pulse wave
signal, and the frequency of occurrence of said pulse
deficit, said frequency of occurrence of said pulse
deficit being displayed as a ratio (N,/N), where N is a
heart rate of a patient, and N 1s a heart rate of a patient
exclusive of heartbeats with pulse deficits.
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